Single crystals have been grown of Cd,Zn metallothionein isoform II from rat liver. The space group is P41212(P43212) with unit cell dimensions a = b = 31.0 A and c = 120.0 A, and one molecule in the crystallographic asymmetric unit. The crystals are square bipyramids elongated on the tetragonal c-axis and are grown by repetitive seeding. The crystals are suitable for high resolution structure analysis. Assays of dissolved crystals show that the crystals have the same Cd and Zn content and amino acid composition as the native, as-isolated protein.
Introduction
Metallothioneins have been the subject of intense study in biomedical, physiological, biochemical and genetic experiments, as attested to by this volume. The physical properties of the metallothioneins have been thoroughly studied (1) . The mammalian proteins have 61 amino acids, 20 of which are cysteine, and coordinate 7 metals, commonly Zn, Cd or Cu. 113Cd NMR has established that the metals are arranged in two polynuclear clusters of 4 and 3 metals, and has led to models for the clusters as Cd4(cys)11 and Cd3(cys)9 (2) . The protein can be cleaved to yield a peptide, a, consisting of the carboxy-terminal 32 residues and containing 4Cd (3) . The protein is therefore folded into two domains, one for each cluster, utilizing 9 and 11 cysteines, respectively, for the amino-terminal 3Cd cluster domain and the carboxy-terminal 4Cd cluster domain (4) . There is no precedent for these types of metal clusters in known protein structures; however, inorganic analog compounds of Zn and Co are known (5) . In this paper we report successful crystallization of rat liver Cd,Zn metallothionein, isoform II, and the properties of the crystals. The crystals are suitable for high resolution X-ray diffraction analysis. A complete sequence determination of isoform II is in progress (6) . (9) . The crystals are square bipyramidsal, morphologically single and highly reflective (Fig.   2 ).
Variation of the concentrations of;odium for- From measuring the volume of several droplets following equilibration and after the onset of nucleation, the protein crystallizes at -2.0 M sodium formate, -0.4 M potassium phosphate. As a further test of these conditions, the 113Cd NMR spectra of rabbit kidney MT II in 0.8, 1.2 and 1.6 M sodium formate solutions were recorded. The spectra showed no indical ion of signal loss or line broadening due to facilitated exchange, i.e., displacement of Cd from the protein (I. M. Armitage, private communication).
The density of three crystals, maximum dimensions 0.3 mm, was measured by using a linear density gradient formed by pyridine and chloroform. The crystals were transferred directly from the mother liquor to the gradient with a looped metal wire, as for seeding experiments. The gradient was calibrated with sodium formate solu- tions. For the three crystals the crystal density is 1.29 + 0.02 g/cm3. For X-ray experiments, crystals were mounted in 0.7 mm glass capillaries using 7.0 M sodium formate, 0.2 M potassium phosphate, pH 7.5, as a synthetic mother liquor.
Results and Discussion Figure 4 (Fig. 5) using as an X-ray source a standard focus sealed tube operated at 35 kv, 15 ma, it is anticipated that even higher resolution data will be observed with a more intense X-ray source. The crystals are stable in the X-ray beam; the diffraction pattern shown in Figure 4 is still observed after five days of exposure to the crystal at 2°C. The crystals therefore are suitable for a high resolution structure determination.
Several facts may be enumerated that argue that the crystals are protein and contain metallothionein in a native state. The diffraction pattern is typical of protein crystals. The crystals extinguish polarized light in a manner consistent with their 422 morphological symmetry, and their color in polarized light (blue-gray) is typical of protein crystals. The crystal growth from the seed often exhibits polarity, consistent with the enantiomorphic space group. Crystalline suspensions examined in an electron microscope reveal square and pyramidal shaped microcrystals of dimensions 1000-2000 A whose appearance is that expected for a material with a large unit cell repeat, i.e., their surfaces are rough and the edges are ragged, unlike a salt. Large changes in the ionic strength of the mother liquor causes the crystals to shatter, or dissolve, typical of protein crystals. Crystals crosslinked in glutaraldehyde (10) are insoluble in pure water, and colored compounds diffuse into these crystals in a period of hours. The solvent content, consistent with the observed density and molecular weight (Table 2) , is also typical of protein crystals.
Dissolved crystals assay reproducibly, within experimental error, for the same Cd and Zn content and amino acid composition as the starting material (Table 1) . Dissolved crystals also show the same UV absorption spectrum as the as-isolated protein. The precipitant, sodium formate is not deleterious, as concentrations up to 1.6 M in potassium phosphate buffer have no effect on the UV spectrum or on the 113Cd NMR spectrum of rabbit liver metallothionein (I. M. Armitage, private communication). As the protein crystallizes from about 2.0 M sodium formate following equilibrium, it is assumed that 1.6 M sodium formate in buffer is a good approximation of the conditions (13) and Azotobacter flavodoxin (unpublished results). Figure 5 shows the lkl zone of the reciprocal lattice to 1.9 A resolution. In the presence of anomalous scattering the true symmetry of this upper level precession photography should be 2, the point group of the crystal being 422. Because the symmetry of the Laue group, 4/mmm, is not strictly obeyed, the mirror plane perpendicular to the c* direction is broken, and Bijvoet differences are observed, as indicated in Figure 5 . These must arise from anomalous scattering in the crystal. For CuKat radiation, X = 1.54 A, the anomalous scattering factors, f', for Cd, Zn and S are 5.0, 0.8 and 0.6 electrons, respectively. The dominant effect, therefore, is from the 5Cd in protein (4OCd per unit cell), and this demonstrates the presence of Cd in these protein crystals. Accurate measurement ofthese subtle, but significant differences, is a means of deriving phase angles. The structure of crambin, a 5000 dalton protein, has been solved by using just the anomalous scattering due to sulfur (15) . 
